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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 BACKGROUND 
  
Non-aqueous Phase Liquids (NAPLs) are hydrocarbons that exist as a separate, 
immiscible phase when in contact with water and/or air (Newell et al., 1995). NAPLs 
are classified into Light Non-aqueous Phase Liquid (LNAPL) and Dense Non-aqueous 
Phase Liquid (DNAPL). LNAPL has density lower than that of water. It passes through 
unsaturated zone of soil and float on the surface of groundwater. LNAPL is insoluble in 
water due to the difference in physical and chemical properties between water and 
NAPL. This causes the LNAPL to form an immiscible liquid phase when it is in contact 
with water in soil. The migration of LNAPL is also affected by the structure of soil.  
 
The soil categorised as double-porosity media is soil that exhibit two distinct 
scales of porosity (Sa’ari et al., 2015). Porosity is the amount of voids or air space 
between the soil particles. The shape and arrangement of soil particles influence the 
porosity of soil. The presence of inter-aggregate pore and intra-aggregate pore leads to 
the concept of double porosity. Inter-aggregate pores are pores between soil aggregates. 
Intra-aggregate pores are pores within the aggregates themselves. 
 
The idea of double-porosity model was initially proposed to describe flow in 
fractured porous media in the petroleum industry and nowadays, it has developed to the 
extent of studying the migration behaviour of LNAPL from the geo-environmental 
aspect. Photographic methods such as the light reflection method are non-destructive 
and non-intrusive technique used to study the migration of LNAPL. As LNAPL can 
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pose a great threat to the environment and human health, study on its migration or flow 
behaviour is essential to aid future research on remediation. 
 
1.2 PROBLEM STATEMENT 
 
Various industrial compounds such as gasoline, diesel fuel, heating oil, solvent, 
coal tars and chlorinated hydrocarbons are NAPL contaminants. They are typically 
stored and transported in underground tanks and pipelines which are susceptible to 
spillage and leakage. Hydrocarbon spilled through the subsurface of soil has caused 
groundwater pollution. Leakages from underground pipelines, storage tanks and 
landfills have caused hazardous NAPL contamination in the subsurface of the earth. 
Due to its highly toxic property, a small amount of NAPL is sufficient to contaminate 
large area coverage of soil and groundwater. Contaminated groundwater will cause 
detrimental health problems and is unsafe for drinking purpose. Other than that, 
contaminated groundwater is unsuitable for industrial and irrigation purpose.  
 
Low flow rate and low solubility together with the uneven distribution of NAPL 
makes the remediation of NAPL difficult at contaminated sites (Weiner, 2012). 
Therefore, NAPL is a long-term source of water contamination when they come into 
contact with soil and groundwater. Hence, it is crucial to understand the migration 
behaviour of LNAPL to assist in future research on prevention and remediation of 
LNAPL contamination. However, it is difficult to obtain specific field data to conduct 
the experiment. Therefore, physical models can be used as a conceptualization mode to 
study the migration behaviours of LNAPL. 
 
1.3 OBJECTIVES  
  
 Clear research objectives are important to guide the research well. The conduct 
of research must always adhere to the objectives to achieve the expectation. It helps to 
establish ideas in carrying out the research. The objectives of this research are: 
 
i. To obtain the properties of the soil used to form the double-porosity samples. 
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ii. To investigate the migration behaviour of LNAPL in double porosity soil using 
photographic method. 
iii. To study the difference in migration behaviour of LNAPL when soil moisture 
content varies. 
 
1.4 SCOPE OF STUDY 
 
This research was carried out to observe migration behaviour of LNAPL using 
light reflection method. The physical and chemical properties of soil sample were 
initially determined before conducting the experiment. The physical properties tests 
were sieve analysis, hydrometer analysis, liquid limit test, plastic limit test, specific 
gravity test and falling head test. Since the solid soil sample was used with toxic 
chemical in this research, Brunauer-Emmett-Teller (BET) and porosity analyzer were 
used to determine the specific surface area and porosity of soil sample because these 
two characteristics greatly influence its performance characteristics. All physical 
properties test were carried out according to ASTM standard. The migration behaviour 
of toluene was observed in an acrylic model chamber. The dimension of soil sample 
was 10 cm x 5 cm x 10 cm. This was a qualitative research and the migration behaviour 
of toluene was observed in soil with 27 %, 29 %, 31 % and 33 % moisture contents 
respectively. Pouring method was used to transfer chemical to soil sample as a 
simulation to spillage of LNAPL. The results obtained were analysed using image 
analysis technique. Image-Pro Premier 9.1 was used to analyse the outcome of 
experiment.  
  
1.5 SIGNIFICANCE OF STUDY 
 
This research will be a significant endeavour in providing information and data 
for future research on remediation of LNAPL contamination. LNAPL contamination is 
a widespread and serious environmental issue, thus, study on the migration behaviour is 
a prior effort to formulate remediation strategy in addressing the problem. Due to the 
heterogeneity of subsurface, contaminant behaviour in soils can be very complex. 
Therefore, laboratory physical model can improve basic understanding of NAPL 
migration behaviour in the subsurface. The method used in conducting this research, 
